To assess whether advances in neonatal care in the last decade have altered the outcome of very-low-birth-weight (VLBW) infants after cardiopulmonary resuscitation (CPR) in the neonatal intensive care unit (NICU).
INTRODUCTION
Neonatal mortality of very-low-birth-weight (VLBW) infants has considerably decreased in the last decade due to advances in obstetric and neonatal care. 1, 2 These were made possible by better prenatal care, antenatal steroids, early surfactant use, improved ventilatory modalities, and more frequent use of cesarean section. 2 The effectiveness of cardiopulmonary resuscitation (CPR) in the survival of the VLBW infants in the neonatal intensive care unit (NICU) has been questioned by several studies conducted more than a decade ago. [3] [4] [5] Our objective was to assess whether these advances in neonatal care have altered the outcome of VLBW infants who underwent CPR after admission into NICU (excluding delivery room CPR).
METHODS
Medical records of all the VLBW (birth weight <1500 g) infants admitted to the NICU at the Louisiana State University Health Sciences Center between July 1, 1999 and June 30, 2002 were reviewed. The following data were collected: for the motherFtype of delivery, high-risk obstetric factors (pregnancy-induced hypertension, preeclampsia, fetal distress, meconium staining of amniotic fluid, placental abruption, clinical signs of chorioamnionitis and administration of antibiotics), and usage of antenatal steroids; for the infantFbirth weight, gestational age, Apgar scores, and admission diagnosis as described in the chart by the admitting physician. Gestational age was corrected in accordance with Ballard score if it differed by more than 2 weeks from the obstetrical estimated gestational age. Infants who developed respiratory distress syndrome (RDS) were intubated and received surfactant therapy.
For the infants requiring CPR in the NICU, information about specific resuscitation interventions was obtained from the CPR sheets filled by the nurses, nurses' notes, physicians' orders and notes, and discharge summaries. Collected information included postnatal age and diagnosis at the time of CPR, number of CPR episodes and their duration, number of doses of epinephrine (0.1 cc/kg of 1:10,000), amount of sodium bicarbonate, use of dopamine and dobutamine before CPR, chest compressions, and mechanical ventilation at the time of CPR. For those infants who had multiple episodes of cardiopulmonary arrests, only the first was used in statistical evaluation. Diagnoses at the time of discharge or death were obtained from discharge summaries in medical records and from pathology reports. Outcome was registered as survival until the hospital discharge or death. RDS was diagnosed based on clinical signs and chest roentgenogram, and necrotizing enterocolitis (NEC) was diagnosed based on clinical signs and the radiograph of abdomen. Intraventricular hemorrhage (IVH) was diagnosed by cranial sonograms. Patent ductus arteriosus was diagnosed with the use of echocardiography.
We used Dr. Lantos' definition for the need for CPR: decrease of heart rate, blood pressure, or respiration requiring chest compressions and/or epinephrine. 3 Episodes of apnea and bradycardia that responded to bag and mask ventilation or tactile stimulation were not recorded as CPR. Infants who required CPR only in the delivery room or who received epinephrine as a treatment for hypotension or pulmonary hemorrhage were considered as nonrecipients of CPR. CPR was conducted by a senior resident, or neonatology fellow, or neonatal nurse practitioner under the direct supervision of an attending neonatologist. Infants who were admitted to the NICU were divided into three groups: CPR group (infants who underwent cardiopulmonary resuscitation), non-CPR group, and ''do not resuscitate'' group (DNR group). Infants who died in NICU without resuscitation (DNR group) were excluded from analysis when the CPR and non-CPR groups were compared.
Categorical variables were analyzed with the use of the w 2 -test. Continuous variables were analyzed by the Student's t-test. The variables significant in univariate analysis were included, one at a time, in multiple logistic regression to control for gestational age. A p-value less than 0.05 was considered significant.
RESULTS
During the period of study, 286 VLBW infants were admitted to the NICU. Additional 79 infants were admitted as nonviable (birth weight 377±157 g) for comfort care, and therefore were not included in this study. Three of the 286 infants had insufficient information in medical records about their clinical course and were excluded from the further analysis (two of the three survived till the discharge from the hospital without CPR, and the third one died after DNR order). The remaining 283 infants had a mean (±SD) birth weight of 1066±281 g and a mean gestational age of 28.3±2.9 weeks. In all, 140 infants were male. The racial distribution of the infants was as follows: 219 African American, 59 Caucasian and five Hispanic.
Clinical characteristics
Of the 283, 29 (10.25%) infants received CPR in the NICU. The birth weight-specific distribution of the need for CPR is shown in Figure 1 . All 29 infants were receiving assisted ventilation at the time of CPR. Interventions administered as a part of resuscitation effort were: intravenous epinephrine (100%), cardiac massage (100%), vasopressor infusions (76%) and sodium bicarbonate (90%). The median postnatal age at the time of CPR was 72 hours (range 2 to 912 hours), median number of CPR attempts was 1 (range 1 to 4), and median duration of CPR was 20 minutes (range 7 to 87 minutes). One out of 29 infants in CPR group survived. The clinical characteristics of the 29 infants in the CPR group and 237 infants in the non-CPR group and are given in Table 1 . The mean birth weight and gestational age for the infants of the non CPR group were statistically higher than for the infants in the CPR group. Univariate analysis showed that infants in CPR group had lower Apgar score, were less likely to be delivered by cesarian section and more likely to develop pulmonary hemorrhage, pulmonary air leak syndrome, RDS, Grade IV IVH, and NEC than the infants in the non-CPR group. The variables followed were not significant in univariate analysis: pregnancy-induced hypertension, placenta abruptio, chorioamnionitis, fetal distress, antenatal steroids, RDS, grade IV IVH, NEC, PDA, and sepsis. After controlling for gestational age, Apgar score, pulmonary hemorrhage, pulmonary air leak syndrome, and cesarean section delivery remained significant between the groups. The results were similar when the data were reanalyzed matching the 28 infants in the CPR group with 28 infants of identical gestational age in the non-CPR group (Table 2 ). There was no match for a 22-week gestational age infant from the CPR group. In the CPR group, there were no infants with an acute precipitating correctable cause for CPR such as pneumopericardium, plugged endotracheal tube, dislodged endotracheal tube, or pneumothorax.
Birth weight, gestational age, and clinical characteristics were similar in CPR-group and DNR-group infants, though DNR infants were more often born those the mothers with pregnancy-induced hypertension (p ¼ 0.01).
Outcome A total of 45 of the 283 (15.9%) infants died; 28 of the 29 infants in the CPR group and all 17 infants in the DNR group. The relationship between mortality versus different strata of birth weight is shown in Figure 2 . The mortality rate decreased from 51% for infants with birth weight between 500 and 750 g to 4.5% for infants with the weight in the range 1250 to 1500 g. The mortality for various gestational ages were as follows: 58 percent for infants less than 24 weeks, 29% for the infants between 24 and 27 weeks, 4% for the infants between 28 and 31 weeks, and 5% for infants with gestational age in the range 32 to 35 weeks.
Of the 29 infants in the CPR-group, 26 died within 24 hours after CPR; two died at 10 and 68 days respectively. Duration of CPR and a number of CPR attempts did not alter the outcome after CPR. The only surviving infant weighed 699 g at birth and born at 25 weeks estimated gestational age with Apgar scores 2 and 4 at 1 and 5 minutes. She was admitted to the NICU with the diagnosis of RDS and was given two doses of surfactant. At 48 hours of age, this infant developed pulmonary hemorrhage and required CPR. At 5 days, cranial ultrasound showed Grade III IVH. She required 84 days of ventilator support and 110 days of supplemental oxygen therapy. She developed pulmonary interstitial emphysema and later bronchopulmonary dysphasia. She was discharged at 117 days of age with the diagnoses of posthemorrhagic hydrocephalus Three infants received CPR only in the delivery room; two survived till hospital discharge and were included in non-CPR group, and one died after being made DNR and was included in DNR group. All 17 infants in the DNR group died. The clinical diagnoses were: 13 multiple organ failure unresponsive to therapy, two anencephaly, one hypoplastic lungs, and one severe asphyxia.
DISCUSSION
Even though infants were of similar gestational age, the percentage of infants requiring CPR in NICU and the mortality of the VLBW infants in the current study was significantly lower compared to the studies conducted 10-15 years ago (Table 3) .
Lantos et al. made a retrospective study of 158 VLBW patients and 49 (31%) of them underwent resuscitation in the NICU. Only four (8.2%) of 49 survived, and three of the four had residual neurological deficit. They concluded that CPR in NICU for the VLBW infants might be considered a virtually futile therapy and they should not be subjected to a standing order for CPR during the first 72 hours of life; rather the need for CPR would be taken as a sign of impending death. 3 One of the limitations of this study was that the authors failed to separate cases in which CPR was required due to ''unexpected and sudden deterioration from those in which CPR was the final act performed for the terminally ill patient''. 4 Sood et al. addressed this criticism. In their study of a total of 191 VLBW infants had 36 (18.8%) of them resuscitated in the NICU and there were six survivors (16.7%) out of 36. At the follow-up of the six, three were considered normal, but two survivors had severe handicapping conditions. The sixth survivor was lost to follow-up, but he exhibited marked hypotonia prior to discharge. The authors claimed that the decision to perform CPR for VLBW infants should not be linked to the specific postnatal age (more or less than 72 hours). The study emphasized the importance of the prompt recognition of acute and reversible conditions, such as tension pneumothorax or cardiac tamponade when treatment may be lifesaving. Nevertheless, the authors stated that physicians, considering the option of CPR, should be aware of its futility under certain clinical circumstances, such as infants with lethal conditions or infants in whom cardiac arrest is a final event in a progressively deteriorating clinical condition. In these circumstances, physicians should discuss with parents a DNR order. 5 Meadow et al. analyzed retrospectively the total number of 848 VLBW infants of which 76 (9%) underwent CPR in the NICU with the outcome of 17 (22.3%) to be discharged from the hospital. The resuscitated infants were separated in the study by the cause of their CPR into two categories: the first, with acute correctable conditions and the second, with progressive deterioration conditions leading to multiple organ failure. Infants in the first category had an approximately 50% chance to survive and to be discharged from the hospital. The authors suggested considering CPR in the second category of the patients to be futile therapy asserting that their symptoms were highly predictive of nonsurvival and pretty often, clearly recognizable in advance. 6 Finer et al. analyzed the outcome of delivery room CPR in VLBW infants and showed that majority of these infants survive, and at least half of such infants survived without severe neurological deficit. 7 In our study, two out of three infants who needed CPR only in the delivery room survived.
In our study population there was an incidence of pulmonary air leak syndrome (16%). This relatively high incidence may in part be explained by the low percentage of infants who received antenatal steroids (23%) in our study population. 8 Retrospective design with no standardized definition is a limitation in interpreting the significance of 13% pulmonary hemorrhage incidence in our study population.
We conclude that in spite of the recent improvements in the survival of VLBW infants, survival rate for the infants who require CPR in the NICU (excluding delivery room CPR) remains extremely poor. The extremely poor survival rate after CPR of 3.4% in our study is even lower than in the previous studies of VLBW infants. Such a rate may be attributed to the relatively low incidence of acute correctable causes for resuscitation in our patients, but may Table 3 Comparison of studies of CPR in NICU Study Lantos et al. 3 Sood et al. 5 also reflect the trend, stipulated by the advances in the neonatal care and consequently lower number of patients requiring CPR in NICU (10.25%). Our results showed significant similarity in the outcome and clinical characteristics of the patients in the CPR and DNR groups and may be considered as a confirmation of the conclusions of Lantos' study of futility and irrelevance of the CPR therapy. We may suggest reassessing the practice of routinely offering CPR to infants who suffer cardiopulmonary arrest. Poor outcome for the infants requiring CPR in the NICU needs to be discussed with parents and the option of the DNR order may be appropriate in the absence of the acute correctable condition.
